ALTERNATOR SYSTEM WITH TEMPERATURE 
PROTECTED VOLTAGE REGULATOR 



Field of the Invention 
[0001] This invention relates to voltage regulators 

that regulate the voltage from a permanent magnet 
alternator, and more particularly, this invention 
relates to a temperature controlled voltage regulator 
used with a permanent magnet alternator system. 

Background of the Invention 
[0002] Permanent magnet alternators, which can 

include similarly designed magneto alternators, have 
permanent magnets assembled on the inner walls of a 
rotor, for example, formed as a flywheel. The 
permanent magnet alternator may include a stator 
positioned inside the rotor or a flywheel magneto 
ignition system. Typically the stator has a plurality 
of coils that produce the alternating current, voltage 
and power used for charging, ignition and lighting 
systems. Different coils and magnets can be configured 
to increase alternator output, which includes a design 
known as a dual -rate alternator. Many of the permanent 
magnet alternators are single-phase and use one 
charging coil to output a single-phase AC wave through 



stator output terminals. The output frequency depends 
on the number of magnets assembled on the rotor. The 
similarly designed flywheel magneto ignition system 
uses a self-contained ignition system to deliver a high 
voltage spark. 

[0003] Permanent magnet alternator systems are used 

on marine outboard motors, motorcycles and similar 
small engines. The voltage regulators used with such 
systems typically use open loop control instead of the 
more common closed loop control systems used on 
automobile systems. These open loop regulators are 
more simple, less complex, cost less, and thus, are 
more adapted to smaller outboard and motorcycle 
engines . 

[0004] These regulators often include a rectifier 

circuit, for example, using silicon controlled 
rectifiers and a diode bridge circuit operative with 
the silicon controlled rectifiers. The alternator 
system, voltage regulator and battery could be designed 
to be series connected, or designed as a shunt system. 
A drawback of these regulators, however, was 
overheating. As engine RPM increases and the 
alternator spins at higher RPM's, the voltage 
increases, sometimes reaching as high as 250 volts 
peak, i.e., 500 volts peak-to-peak, causing extreme 
overheating and burn-up of the voltage regulator. Some 
proposed alternator systems, for example, in U.S. 
Patent No. 5,078,627, have used a bimetallic switch 
that was operative to disable the voltage regulator and 
its rectifier and prevent excessive heating of any 
electronic components when the ambient temperature 
within the voltage regulator exceeded a predetermined 
value. A bimetallic or other mechanical switch, 
however, is not always reliable and it operates as a 



mechanical structure only. Bimetallic switches can 
easily fail depending on their design. 



Summary of the Invention 
[0005] It is therefore an object of the present 

invention to provide an alternator system having a 
permanent magnet alternator, battery and a voltage 
regulator that overcomes the drawbacks of the prior art 
as indicated above . 

[0006] It is yet another object of the present 

invention to provide an alternator system having 
permanent magnet alternator, battery and voltage 
regulator, which uses semiconductor components for 
compensating for higher temperatures that could damage 
regulator components . 

[0007] The present invention is operative as a 

temperature controlled alternator system and includes a 
permanent magnet alternator through which an 
alternating current is output. A battery is 
operatively connected to the permanent magnet 
alternator and is charged therefrom. A voltage 
regulator is operatively connected to the permanent 
magnet alternator and battery for regulating the 
charging of the battery. The voltage regulator 
includes a rectifying circuit for rectifying the 
alternator current, and a semiconductor switching 
element operative for turning the regulator on and off 
based on a predetermined temperature threshold to 
prevent charging of the battery and overheating of any 
voltage regulator electronic components. 

[0008] In one aspect of the present invention, the 

permanent magnet alternator includes a stator through 
which the alternating current is output. The permanent 



magnet alternator could also be a magneto type of 
alternator . 

[0009] In yet another aspect of the present 

invention, the semiconductor switching element is 
formed as an integrated circuit temperature switch that 
outputs a logic signal when die temperature reaches a 
predetermined threshold. The semiconductor switching 
element is also operative for generating an active 
high, push-pull logic output. The rectifying circuit 
preferably comprises at least one silicon controlled 
rectifier and a diode bridge operative with the at 
least one silicon controlled rectifier. In one aspect 
of the present invention, the rectifying circuit 
comprises two silicon controlled rectifiers. A 
transistor logic circuit can be operative with the 
semiconductor switching element and operative for 
turning on and off the rectifying circuit, and in a 
preferred embodiment, by turning on and off any silicon 
controlled rectifiers . 

[0010] In yet another aspect of the present 

invention, the voltage regulator comprises two stator 
terminals, a B+ and B- terminal, and a tachometer 
terminal. The voltage regulator is an open control 
loop voltage regulator and series connected with the 
permanent magnet alternator and voltage regulator. The 
predetermined temperature threshold can range from 
about 105°C to about 120°C. 

[0011] A method aspect of the present invention is 

also disclosed for regulating the output of a permanent 
magnet alternator by rectifying the alternating current 
output from the permanent magnet alternator within a 
voltage regulator operatively connected to the 
permanent magnet alternator. The method is operative 
by turning the regulator on and off based on a 
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temperature threshold reached within a semiconductor 
switching element of the voltage regulator to prevent 
overheating of any voltage regulator electronic 
components . 

Brief Description of the Drawings 
[0012] Other objects, features and advantages of the 

present invention will become apparent from the 
detailed description of the invention which follows, 
when considered in light of the accompanying drawings 
in which: 

[0013] FIG. 1 is a schematic circuit diagram showing 

different electrical and electronic components used in 
an alternator system, for example, for an outboard 
marine or similar motor, and showing different 
electrical connections among the electrical and 
electronic component . 

[0 014] FIG. 2 is a fragmentary block diagram showing 

a permanent magnet alternator, battery, tachometer and 
voltage regulator and the connections among those 
components . 

[0015] FIG. 3 is a schematic circuit diagram of a 

prior art voltage regulator used with a permanent 
magnet alternator, such as for an outboard marine 
motor . 

[0016] FIG. 4 is a schematic circuit diagram of a 

voltage regulator of the present invention showing a 
circuit similar to that shown in FIG. 3, but also 
including a semiconductor switching element operative 
for turning the regulator on and off based on a 
predetermined temperature threshold . 

[0017] FIG . 5A is a block diagram showing basic 

functional parts of the integrated circuit temperature 
switch that can be used in the present invention. 
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[0018] FIG. 5B is a graph illustrating operation of 

the temperature switch of FIG. 5A when a predetermined 
temperature threshold is reached. 

[0019] FIG. 6 is a graph depicting thermal 

performance of the voltage regulator of the present 
invention based on different temperatures. 

[0020] FIG. 7 is a diagram showing the regulator 

functioning in off and on condition based on reaching a 
predetermined temperature threshold . 

Detailed Description of the Preferred Embodiments 
[0021] The present invention will now be described 

more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments 
of the invention are shown. This invention may, 
however, be embodied in many different forms and should 
not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided 
so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like 
elements throughout, and prime notation is used to 
indicate similar elements in alternative embodiments. 
[0022] The present invention overcomes the 

disadvantages of voltage regulators operatively 
connected to permanent magnet alternators and batteries 
that regulate the charging of the battery and do not 
account for adequate temperature compensation. The 
present invention also overcomes the disadvantages of 
using mechanical switches, for example, bimetallic 
switches, as in some prior art voltage regulators. The 
voltage regulator of the present invention includes a 
rectifying circuit for rectifying alternating current, 
and a semiconducting switching element operative for 
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turning the regulator on and off based on a 
predetermined temperature threshold to prevent charging 
of the battery and overheating of any voltage regulator 
electronic components . 

[0023] For purposes of description, an existing 

alternator system using a permanent magnet alternator, 
battery and voltage regulator for an outboard marine 
motor will be described relative to FIGS. 1-3, followed 
by a description of the voltage regulator of the 
present invention . 

[0024] FIG. 1 shows a circuit diagram as an existing 

example of the type of wiring connections that can be 
used among electronic and electrical components used in 
an outdoor marine motor charging and ignition system. 
The system uses a permanent magnet alternator 10. This 
circuit can be modified for use with the present 
invention . 

[0025] As illustrated, the alternator 10 includes an 

output terminal 12 connected to an ammeter 14 via an 
accessory feed terminal 16. An auxiliary output 18 
connects to an ignition module 20 and charge light 22. 
An alternator AC output 24 as a field output connects 
to the ignition module 20. A ground output 26 connects 
to a ground connection 27, which also connects to the 
ignition module 20, a starter 28, battery 30, and a 
series of output components output signals for 
different functions. These components include an oil 
pressure component 32, water temperature component 34, 
tachometer component 3 6 and fuel gauge component 38. 
The starter 28 connects to the battery 30 as is 
typical . A coil 42 is connected to a start/ignition 
switch 40, which connects to the ignition module and 
starter 28. The marine engine wiring used for the 
electronic and electrical components in FIG. 1 can 
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include an ignition switch controlled wire, ground 
wires, unprotected battery wires, overcurrent protected 
battery wires, alternator AC output and alternator 
field wires, bonding wires, alternator starter-to- 
ignition module wiring, alternator DC output and 
accessory feed wiring, oil pressure wiring, water 
temperature wiring, tachometer wiring, starting circuit 
wiring, and other ignition wiring as necessary. 

[0026] FIG. 2 shows a conventional alternator 10 and 

its connection to a voltage regulator 44, which can be 
operatively connected into the system shown in FIG. 1. 
The voltage regulator 44 includes six terminal 
connections, including a battery terminal 50 wired to 
the battery 30 and two stator terminals 52 , 53 wired to 
the stator assembly of the permanent magnet alternator 
10. Terminals 54,55 are wired to a resistive load bank 
56 and positive battery terminal B+, and a tachometer 
terminal 58 is connected to a tachometer 60 and 
resistor 62 . The alternator 10 includes a flywheel 
assembly 10a having permanent magnets 10b. A stator 
assembly 11 includes various coils 11a that can be 
designed for specific purposes as explained before. 

[0027] The prior art regulator as described relative 

to FIG. 2 is shown in the schematic circuit diagram of 
FIG. 3 and can be mounted on a 1/8 by 6"x6" aluminum 
plate with fin side down and no thermal grease. 

[0028] In the voltage regulator of the type shown in 

FIG. 3, with the regulating voltage at partial load, 
the average DC voltage on the output lead with respect 
to ground is about 14.4 +0.4 volts. This is also a 
regulating voltage with no load. Before it drops 
across the regulator, it should not exceed 2 volts peak 
at the maximum current of 2 5 amps. When the tachometer 
lead is open, the regulator steady state current and 
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the sense leads should not exceed 4 milliamps of 12.6 
volts DC applied to it relative to ground. 
[0029] FIG. 3 is a schematic circuit diagram of an 

existing voltage regulator used with a permanent magnet 
alternator system, such as shown in FIG. 1, and used, 
for example, in marine outboard motors. For purposes 
of description, reference numerals will begin in the 
100 series. 

[0030] As illustrated, the voltage regulator 100 

includes two stator terminals 101, a B+ terminal 102, a 
B- terminal 104 and a tachometer terminal 106. A 
rectifying circuit 107 includes two silicon controlled 
rectifiers SCR1 , SCR2 operatively connected at their 
inputs (gates) 112 , 114 to respective diodes CR4 , CR5 
and capacitors CI, C2 , forming part of the rectifying 
circuit 107. The gates 112 , 114, are operatively 
connected to transistor Ql and Q2 as illustrated for a 
transistor logic function. The silicon controlled 
rectifiers SCR1 , SCR2 rectify the alternating current 
received through the stator terminals, and are also 
operative with four diodes positioned in a diode bridge 
configuration CR1 and CR2 . Transistor Q3 is 
operatively connected to silicon controlled rectifiers 
as illustrated. A filtering circuit C3 , C4 , C5, C6 is 
associated with the tachometer terminal, as well as 
biasing transistor Q5 . Zener diode CR7 provides a set 
point and is operative with calibration up and 
calibration down resistor circuit and transistor Q4 . 
Zener CR6 provides an undervolt circuit. If the 
voltage drops below 7.2 volts, the circuit will shut 
down. Zener CR7 shuts the circuit on and off and is 
operative with the transistors Ql and Q2 to gate the 
silicon controlled rectifiers to shut down the 
rectifier and the regulator. 
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[0031] FIG. 4 shows a schematic circuit diagram of 

the voltage regulator 200 of the present invention and 
showing a semiconductor switching element 250 operative 
for turning the regulator on and off based on a 
predetermined temperature threshold to prevent charging 
of the battery and overheating of any voltage regulator 
electronic components. For purposes of description, 
reference numerals begin in the 200 series with common 
elements existing in the circuits of FIGS. 3 and 4 
given the same reference numeral, except numerically 
beginning in the 200 series. 

[0032] The semiconductor switching element 250 is 

formed as an integrated circuit temperature switch that 
outputs a logic signal when die temperature reaches a 
predetermined threshold through Pin 5 to transistors Q6 
and Q7 and operative to terminate regulator operation. 
When the pulse from Pin 5 is received in a normal 
operating condition, the circuit looks open. The 
switching element 250 can generate an active high, 
push-pull logic output. The circuit includes a Zener 
CR10 operative with the device 250. 

[0033] One type of micropower temperature switch 250 

that can be used with the present invention is a 
MAX6502 integrated circuit produced by Maxim 
Corporation. This temperature switch produces a logic 
signal when a die temperature crosses a factory-program 
threshold. It has a programmed temperature trip 
threshold for -45°C to +115°C in 10°C increments. It 
operates from +2.7 volt to +5.5 volt supply. It has no 
external components and consumes about 3 0 micro amp 
supply current. It has two on-chip, temperature- 
dependent voltage references and a comparator. It can 
be produced in SOT 23-5 and TO 220-7 packages. It 
includes a push-pull output. It is pin- selectable at 
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+ 2°C or +10°C Hysteresis. A push-pull output can drive 
fan-controlled logic . 

[0034] In the two temperature -dependent references 

and comparator, one reference has a positive 
temperature coefficient and the other a negative 
temperature coefficient. The trip point is determined 
when the two reference voltages are equal at a specific 
temperature. The +2°C or +10°C Hysteresis keeps the 
output from oscillating when a die temperature 
approaches a threshold temperature. 

[0035] The MAX6502 circuit includes pins 1, 2, 3, 4 

and 5 and operative as shown in FIG. 4. Pins 1 and 2 
can be ground and not internally connected as shown by 
their connection to ground. Both ground pins can be 
tied together close to the chip. Pin 2 can provide a 
low thermal resistance to the die. Pin 3 can be a 
Hysteresis terminal and connected for +2°C Hysteresis 
or connected to Vcc for + 10°C Hysteresis. As shown in 
the circuit diagram of FIG. 4, Pin 3 is connected to 
Pin 4 and CR10 . Pin 4 can be Vcc for a supply input of 
+2.7 volts to +5.5 volts. Pin 5 can be a TOVER 
terminal as a push-pull active-high output. The TOVER 
goes high when the die temperature exceeds the 
programmed temperature threshold. 

[0036] FIG. 5A is a schematic block diagram of an 

example of functional elements of the temperature 
controlled switch operation, and showing a positive 
temperature reference 70 and negative temperature 
reference 72 connected to comparator 73. The negative 
temperature reference 72 connects to the Hysteresis 
network 74 with the TOVER and Hysteresis (HYST) output 
76, 78. This type of circuit can drive a 
high- impedance load and dissipate negligible power. 
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FIG. 5B is a graph showing the pulse output when a 
predetermined threshold temperature is reached. 
[0037] A thermal performance table shown below 

illustrates basic operational characteristics of an 
original equipment (OE) voltage regulator having a 
circuit similar to the schematic circuit diagram of 
FIG. 3 and compared with a voltage regulator of the 
present invention having a circuit similar to that 
shown in the schematic circuit diagram of FIG. 4. 



THERMAL PERFORMANCE TABLE 







TEMPERATURE (°C) 1/ 


DELTA TEMP(°C) 






DEVICE 


LOAD 
















UNDER 


(AMPS) 


AMBIENT 


JUNCTION 


CASE/HS 


(TJ-TA) 


(TS-TC) 


°C/IL 


°c/w 


TEST 


(IL) 


(TA) 


(TJ) 21 


(TC) 3/ 


(OJA) 


(OJC) 


4/ 


4/ 


FIG. 4 


5 


25 


49.6 


39.5 


24.6 


10.1 






Present 


10 




74.0 


52.5 


49.0 


21.5 






Invention 


15 




99.0 


65.5 


74.0 


33.5 








20 




122.0 


78.5 


97.0 


43.5 








5 


50 


74.3 




24.3 










10 




99.3 




49.3 










15 




122.0 




72.0 




4.88 


0.35 


OE 


5 


25 


49.9 


39.6 


24.9 


10.3 






(Original 


10 




73.5 


52.0 


48.5 


21.5 






Equipment) 


15 




97.0 


63.6 


72.0 


33.4 






FIG. 3 


20 




121.0 


78.1 


96.0 


42.9 








5 


50 


74.8 




24.8 










10 




97.8 




47.8 










15 




121.3 




71.3 




4.85 


0.35 



NOTES: 1/ Test Conditions - Test units were mounted to a 6"x6"xl .25" unpainted isolated aluminum 

plate and placed in a temperature controlled chamber. The chamber ambient air 
temperature was maintained within +2°C for all tests. Device stimulus was provided by a 
magneto/flywheel assembly spinning at 6000 RPM (peak stator voltages of 235V). Both 
test units were full up (potted) assemblies. 



2/ For the Transpo module, Junction Temperature (TJ) was measured (thermocouple) at the 

SCR anode to ceramic substrate junction. For the O.E. Junction temperature was measured 
at the SCR (1 of 2) anode lead to PC board junction (small area of potting removed, 
thermocouple attached, then potting refilled). 

3/ Case/Heatsink temperature was measured at the housing to plate junction. 

4/ °C/IL is the junction to ambient temperature rise per load amperage (averaged) 

°C/W is the junction to ambient temperature rise per load wattage (averaged) 
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[0038] FIG. 6 is a graph showing regulator 

performance results using a voltage regulator of the 
present invention. The 105°C is shown in this example 
as a desired operational range. 

[0039] FIG. 7 shows a graph with the temperature 

varying between 115°C and 12 0 °C and showing regulator 
operation existing between on and off conditions 
relative to a predetermined temperature threshold. In 
one aspect of the present invention, it has been found 
that the cycling can be about 0.1 Hertz (Hz) . 
Components can be mounted using ceramic technology, 
including green tape or similar co- fired ceramic 
technology for a substrate in the present invention. 

[0040] It is evident that the present invention now 

provides an alternator system having a permanent magnet 
alternator, such as having a stator through which 
alternating current is output, a battery and 
temperature controlled voltage regulator that uses a 
semiconductor switching element, which is operative for 
turning the regulator on and off based on a temperature 
threshold to prevent charging of the battery and 
overheating of any voltage regulator electronic 
components. The present invention is advantageous over 
mechanical switches that can fail and are not as 
accurate . 

[0041] Many modifications and other embodiments of 

the invention will come to the mind of one skilled in 
the art having the benefit of the teachings presented 
in the foregoing descriptions and the associated 
drawings. Therefore, it is understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that modifications and 
embodiments are intended to be included within the 
scope of the appended claims. 
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